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Construction and demolition (C&D) waste have negative impacts on the environment. As a significant proportion of
C&D waste is related to the design stage of a project, there is an opportunity for architects to reduce the waste.
However, research suggests that many architects often do not understand the impact of their design on waste
generation. Training and education are proposed by current researchers to improve architects’ knowledge; however,
this has not been adequately validated as a viable approach to solving waste issues. This research investigates
architects’ perceptions towards waste management in the design phase, and determines whether they feel they are
adequately skilled in reducing C&D waste. Questionnaire surveys were distributed to architects from 98 architectural
firms and 25 completed surveys were returned. The results show that while architects are aware of the relationship
between design and waste, ‘extra time’ and ‘lack of knowledge’ are the key barriers to implementing waste
reduction strategies. In addition, the majority of respondents acknowledge their lack of skill to reduce waste through
design evaluation. Therefore, training programmes can be a viable strategy to enable them to address the pressing
issue of C&D waste reduction.
1. Introduction
Construction and demolition (C&D) waste imposes negative
impacts on the natural environment through resource depletion,
land degradation, pollution and excess energy consumption
(Coelho and de Brito, 2012; Tam, 2008; Wang et al., 2014; Yuan
and Shen, 2011). Nearly 30% of Australia’s disposed waste arises
from C&D activities, with Queensland being one of the nation’s
largest generators (ABS, 2012; Tam et al., 2009). With both the
State’s population and construction industry growing rapidly, the
amount of C&D waste will rise further, thereby increasing
pressure on the natural environment (Tam et al., 2009).
Current C&D waste management efforts mainly focus on
waste reuse and recycling, but it would be more effective to
prevent waste generation rather than dealing with it at a later
time (Osmani et al., 2008; Tam, 2011). It has been identified
that up to 33% of C&D waste is attributable to the design
stage of a project and although attempts have been made to
minimise waste generation as a whole, a practical guidance to
inform construction waste minimisation strategy at the design
stage is not yet available in Australia (Innes, 2004; Tam, 2009;
Wang et al., 2014). Architects are considered as being the
creators of new buildings and are thus heavily involved in
the design phase (Burr and Jones, 2010). Architects often
lack the knowledge of this issue and do not have sufficient
skills to effectively design for waste minimisation (Wang et al.,
2015). It is suggested that additional training could be a driver
to instigate change; however, little research has looked into the
opinions of architects regarding the effectiveness and structure
of such training (Osmani et al., 2008).
This study aims to explore the current attitudes of architects
towards waste minimisation and to determine whether they
perceive the improvement of their knowledge on C&D waste
minimisation through training as a viable approach for pro-
moting waste reduction. Questionnaire surveys were conducted
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among architects from 98 architectural firms to explore their
attitudes, preferences and behaviour on waste minimisation
issues. The findings of this research can provide more impetus
for relevant industry bodies to offer training programmes and
workshops to improve the architects’ knowledge of design for
waste minimisation.
2. Literature review
2.1 Current waste management methods
Existing C&D waste management methods can be ranked
according to their effectiveness and environmental impact, as
seen in the waste management hierarchy (Yuan and Shen,
2011) in Figure 1. Waste reduction is the preferred method
for managing waste as waste is best treated when not created
(QG, 2014; Wang et al., 2015).
However, current waste management efforts of the industry
focus mainly on the recycling or reusing of materials rather
than the more proactive and effective approach of reduction
(Tam et al., 2009). The waste reduction approach should be
encouraged by all industry stakeholders, especially architects,
as they play a significant role in reducing C&D waste in the
project design stage (Greenwood, 2003).
2.2 Waste reduction in the design phase
Waste arises from all stages of the project process, but poor
design is a key driver of waste generation (Baldwin et al., 2009;
Dainty and Brooke, 2004; Ekanayake and Ofori, 2004). Design
waste is defined by Osmani et al. (2008: p. 1149)
The waste arising from construction activities both by acts and/or
omissions on the part of the architect, including opportunities to
reduce waste lost by not using reclaimed materials.
According to Dainty and Brooke (2004) and Yuan and Shen
(2011), design waste usually arises from the following situations
& over-specification/unclear specification
& poor detailing leading to assumptions and over-ordering or
re-work
& late variations and design changes
& material changes
& alterations to completed work
& design errors
& slow drawing revision and distribution
& not designing for de-constructability
& lack of consideration of life cycle assessment
& poorly defined project responsibilities.
Designing-out waste in the early project stages offers the greatest
potential to reduce C&D waste (Faniran and Caban, 1998;
Wang et al., 2015; Yuan et al., 2012). It is estimated that one-
third of waste materials arise as architects fail to evaluate design
waste during the design phase and thereby fail to implement
waste reduction strategies (Innes, 2004). It is found that 85% of
architects do not appreciate or analyse the amount of waste gen-
erated from their design decisions, with little importance being
attached to waste reduction when they are designing and select-
ing building materials (Osmani et al., 2008). Most architects
generally view waste minimisation as the responsibility of the
contractors. In addition, current waste management tools focus
on handling waste already produced. There is the need and
opportunity to address waste issues in the design phase rather
than dealing with waste after generation. Architects, therefore,
can play a pivotal role in C&D waste prevention during this
process (Baldwin et al., 2009; Greenwood, 2003). Architects
also have the best opportunities for improving resource effi-
ciency during the design stage which can provide significant
reductions in construction waste (WRAP, 2015).
The benefits of C&D waste reduction through design are out-
lined in Table 1. This further reinforces the need to engage
architects in reducing waste generation.
2.3 Current barriers to waste reduction
Despite the importance of waste reduction in the design stage
of a project, there are some barriers to the successful
implementation of C&D waste reduction strategies. According
to Tam et al. (2009) and Yuan and Shen (2011), the following
barriers can affect the uptake of waste reduction measures
& a lack of acceptability of recycled materials in construction
applications
& the cost of implementing waste management along with
increases in overhead costs
& additional time to undertake design waste evaluation
Reduction
Recycling
Treatment
Disposal
Low
High
Im
pa
ct
s 
on
 e
nv
iro
nm
en
t
Figure 1. Waste management hierarchy
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& little or no financial incentives for advanced waste minimis-
ation strategies
& lack of government policy and legislation enforcing waste
management
& lack of training on how to implement waste management
& industries resistance to change, highlighted by the fact that
waste is ‘accepted as inevitable’
& lack of knowledge about waste sources.
These barriers have been investigated in the existing literature,
but there is a lack of study on the impact of knowledge disposi-
tion on C&D waste reduction. Chandrakanthi et al. (2002)
and Yuan (2013a) have all identified that a fundamental issue
significantly hindering the adoption of design waste reduction
by architects is a lack of understanding about the reasons and
process of waste generation throughout a project. Through
increases in knowledge about C&D waste reduction, better
decisions can be made by architects and waste levels can be
decreased (Osmani et al., 2008). Currently, there has been
limited research investigating the architect’s perceptions on the
possible efficacy of training to improve understanding and
reduce design waste. It is, therefore, important to consider the
current knowledge levels of architects and the potential impact
that a lack of knowledge may have on the problem.
2.4 Architects and knowledge
A sufficient level of knowledge is critical for good decisions to
be made (Saaty, 2008). Architects can utilise their professional
knowledge for waste reduction through the evaluation of
design options, by deciding on the suitability of design alterna-
tives and by analysing the cost–benefit issues that could arise
from waste reduction strategies (Coventry and Guthrie, 1998;
Yuan et al., 2012). To make this happen, architects need to
have the required knowledge of the origins and streams of
waste (Osmani, 2012; Yuan, 2013a). However, most architects
lack the relevant skills to effectively undertake the responsibil-
ity of reducing waste through design. Therefore, the architect’s
lack of knowledge in this area needs to be addressed as it is
integral to aiding the waste dilemma (Yuan, 2013a).
2.5 Training and its benefits
Training and education programmes are common and proven
methods for the acquisition of knowledge, increase of skill sets,
shaping of attitudes and improvement of individual perform-
ance (Aguinis and Kraiger, 2009; Orr and Gao, 2013). More
specifically, the benefits rising from training include (Aguinis
and Kraiger, 2009; Martin-Pena et al., 2010; Mas et al., 2013)
& increased performance consistency
& increased technical and problem-solving skills
& increased self-management skills
& increased speed of decision making
& increased motivation.
Considering the above benefits, it is possible to utilise specific
training in areas of waste reduction to facilitate better designs
to reduce waste levels (Osmani et al., 2008). Consequently,
architects have slowly begun to acknowledge the need for this
training, indicating that it should be made readily available,
inexpensive and easily accessible. However, it is unclear how
this training should be delivered and for what length of time
(Osmani et al., 2008). Research has also revealed that this type
of training lacks priority in the professions’ continuing pro-
fessional development (CPD) scheme. Therefore, there is the
opportunity to increase architects’ knowledge levels through
training programmes and in turn, reduce C&D waste gener-
ation through better design.
2.6 Current training methods
In Australia, there are two key bodies that play important roles
in the development and training of all architects. The
Architects Accreditation Council of Australia (AACA) sets the
minimum competency requirements architects must achieve to
be officially registered. These are outlined in the National
Competency Standards in Architecture (NCSA), with one of
the four core elements being ‘design’ AACA. The Australian
Institute of Architects (AIA) is the national body responsible
for advancing the quality of services provided by accredited
architects. In most states, it is compulsory for all members to
undertake CPD courses annually in order to maintain and
improve skill sets. These courses compliment the minimum
standards set by the AACA in the NCSA. Currently, there are
no CPD courses offered that train architects on design waste
minimisation nor are there clearly defined competencies within
the NCSA addressing this skill. Considering the important
role that CPD courses play in improving the overall standard
of the architectural profession, an opportunity exists to explore
whether offering such education indeed assists architects in
reducing design waste.
Area Benefits
Economic & Cost savings through: better
productivity, less waste disposed of at
cost, less materials purchased
& Better public image
Social & Improved site safety
Environmental & Less pollution and land degradation
& Reduced consumption of finite
resources
Table 1. Benefits of C&D waste reduction
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Internationally, architects have begun to acknowledge the need
for this training, indicating that it should be readily available,
inexpensive and easily accessible. It is unclear though how it
should be delivered and for what length of time. The omission
of this training indicates that current architects have not been
skilled in tackling the waste issue, a flaw that if overcome
could lead to positive results.
The literature review highlights a number of key issues that
need to be further addressed. While some of the recent studies
identify both strategies and barriers to overcoming C&D waste
generation, there is little research into whether architects per-
ceive increases in knowledge and understanding gained
through training as a truly viable solution for waste reduction
(Osmani et al., 2008). The literature proposes that if this
knowledge barrier is overcome, a reduction in design waste
could follow (Greenwood, 2003; Poon et al., 2004). Therefore,
it is necessary for this research to investigate the perceptions
of architects on their current knowledge level about waste
reduction, and the possibility of additional training as an
appropriate method to increase their knowledge level and in
turn lead to reductions in waste caused by design decisions.
3. Research methodology
This research aims to determine whether architects perceive
further education through training as an effective driver for
C&D waste reduction in the project design stage. The data
collection tool chosen for this research is a questionnaire
survey. It is suitable for this research as it allows respondents
to effectively rank preferences, opinions and attitudes to be
implemented (Stawarski and Phillips, 2008).
For the convenience of survey distribution and collection, QUT
Key Survey was used to prepare and administer the surveys
electronically. The survey comprised of 20 questions with a
combination of both qualitative and quantitative statements.
The survey included multiple-choice questions, rated scale
statements (Likert scale), open-ended questions and closed
questions. Overall, the survey was made up of six sections
& demographic information
& perceived construction waste management responsibilities
& design waste management and evaluation within the
workplace
& perceived benefits and barriers to waste
evaluation/reduction
& perceived respondent’s knowledge level regarding
waste sources
& further training content, delivery and efficacy.
In the questionnaire survey, the respondents were able to rate a
list of commonly perceived industry benefits from waste
reduction and barriers impeding design waste evaluation ident-
ified from the literature review. Respondents were also given
the opportunity to provide suggestions on possible techniques
and approaches for improvement of waste reduction in the
future. Statistical analyses were performed on the quantitative
data. The qualitative data was coded and analysed manually
(Corbin and Strauss, 2014).
Ninety eight architect firms located in South East Queensland
(SEQ), Australia, were selected from the (AIA) database and
approached for the survey. This ensures that the architectural
practices of the survey respondents conform to the current
industry protocols. SEQ is an area suitable for data collection
as it has shown recent increases in both population and con-
struction activity, resulting in high levels of C&D waste being
generated (ABS, 2012; Tam et al., 2009). Whether architects
operating outside of the sample area have similar views to
those collected is unknown; however, due to the stringent pro-
fession requirements set by the AIA and AACA, it is not
unreasonable to suggest that these views are shared throughout
the country. The size of the firms surveyed was not restricted
so as to ensure the sample could be as large as possible
(Fowler, 2013).
Twenty five completed questionnaires were returned within
6 weeks, giving a response rate of 26%. Among the respon-
dents, 46% were from firms with one to five employees with
the majority of respondents aged 40 years or over.
4. Results and discussion
4.1 Architects’ perceptions on the relationship
between waste generation and design
decisions
The respondents were asked to use a scale of 1–5 (with 1 being
low and 5 being high) to rate the relationship between waste
generation and design decisions. Over 75% of the respondents
perceived either a ‘moderate’ or higher relationship between
the two, thereby showing a strong degree of self-awareness on
this issue. However, there is still lack of action being taken by
architects to reduce waste according to the existing literature
(Osmani et al., 2006; Yuan et al., 2011). Considering this
identified self-awareness, it is foreseeable that architects would
be willing to act on the C&D waste issue, especially if provided
with both the skill and opportunity to do so.
4.2 Architects’ perceptions on responsibilities for
waste management and waste reduction
Insights into the architects’ attitudes towards stakeholder
responsibility of waste management were sought by the ques-
tionnaire survey. The results show that 80% of the architects
viewed contractors as the right stakeholder responsible for
managing waste. This is consistent with the finding of Osmani
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et al. (2006). Respondents’ opinions were also collected on
stakeholder responsibility for waste reduction. Interestingly,
50% of the respondents believe that it is the responsibility of
the architect, and 33% suggest it is the role of the contractor.
The results indicate that architects generally see a distinction
between the practices of waste management and waste
reduction. Most architects believe that the waste management
practice does not necessarily incorporate waste reduction
strategies. This shows that architects generally do not have
adequate knowledge of waste reduction and management roles.
It remains a question whether the roles should be taken by a
specific stakeholder or multiple professions. More importantly,
it raises the importance of collaboration between architects
and contractors in the project design phase to discuss and
evaluate waste reduction strategies.
4.3 Barriers of design waste reduction
In the survey, the respondents were given a list of seven
barriers that impede waste evaluation in the project design stage
and were required to select the top three barriers they believed
to be the most critical. The results are shown in Figure 2.
Both ‘additional time’ and a ‘lack of knowledge’ scored highly
as the key barriers that architects are faced with, which echoes
with the findings of Yuan (2013b) and Yuan and Shen (2011).
According to Aguinis and Kraiger (2009), Martin-Pena et al.
(2010) and Mas et al. (2013), decision-making speed, perform-
ance consistency and technical skills can increase with
exposure to relevant information and training. Therefore,
it is possible to minimise the impact of these barriers through
participation in appropriate training programmes as this will
improve the associated skill level and therefore promote the
practice of design waste reduction.
The survey results show that 96% of the surveyed architects are
aware of the potential environmental benefits of waste
reduction in the project design stage. Other benefits, such as
cost advantage and increase of site safety, scored lower in the
survey results; only a few architects see the potential to obtain
competitive advantage as a benefit. The findings suggest that
architects do not necessarily associate any direct benefits for
themselves or their companies. Instead, the benefits are
brought to other stakeholders such as the client and contractor.
This inability to foresee individual/organisational benefits with
C&D waste minimisation is an unexpected but important
finding, and is proposed as a potential barrier preventing
architects from implementing waste evaluation strategies. This
consequently limits the scale of waste reduction.
4.4 Architects’ knowledge level of design waste
reduction
Of the respondents, 65% indicated that they have not received
any training about construction waste minimisation, with only
one respondent claiming to have received ‘sufficient’ training
in this field. A majority of respondents consider their knowl-
edge of design waste to be ‘average’ or below standard, as can
be seen in Figure 3.
This lack of knowledge and training about C&D waste
reduction strengthens the arguments of Osmani et al. (2008)
and Yuan (2013a) where they have briefly highlighted that
further training programmes may assist architects in reducing
C&D waste generation. Additionally, training is supported by
the majority of respondents who strongly expect to increase
their knowledge about waste sources. There is also a clear view
that an increase in knowledge about design waste sources
would directly benefit waste reduction, as indicated by 72% of
respondents. Some respondents believe that their decision-
making abilities would improve as a result of this knowledge
increase. One respondent states that they ‘need the knowledge
to make the right decision’, while another highlights how
‘definitive information’ is important for the defence of their
design decisions. These results are in line with the theory
proposed by Saaty (2008) who argues that information assists
0 5 10 15 20
Extra time
Increased cost
Lack govt policy
Industry culture
Number of responses
Barriers impeding waste evaluation in
the design phase
Figure 2. Barriers impeding waste evaluation in the design phase
0 5 10
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Knowledge level of design waste 
Figure 3. Designers’ knowledge level of design waste
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with the decision-making process and also enhances the likeli-
hood of the right decision being made.
The above findings indicate that architects perceive training as
a viable driver to address the pressing issue of C&D waste mini-
misation. By receiving training and improving knowledge
levels, architects wish to be able to justify their design decisions,
which is regarded to be critical when briefing clients on design
alternatives by Yuan et al. (2012). The respondents who do not
associate waste reduction with improved knowledge generally
argue that the waste minimisation practice can only be encour-
aged by reduced construction costs or financial incentives.
4.5 Ways of delivering training on design
waste reduction
There is no favourable method to deliver training on design
waste reduction based on the survey results. Both online and
lecture-style learning are seen as possible approaches, and a
combination of the two is regarded as the most effective. Some
respondents suggest that the training should be included as
part of the CPD programmes with points allocated for each
hour of contact; this is also suggested by Osmani et al. (2008).
Other respondents indicate that it could be delivered by an
industry body such as the AIA.
There is also no clear consensus on the length of time for the
training. The majority of respondents believe that it should
last somewhere between 2 and 5 h. One respondent suggests
that it should take ‘as long as required’, while another believes
that the training should ‘integrate with other subjects’ instead
of being a stand-alone solution. Hence, the need to integrate
waste minimisation strategies within the broader system of
technical training and education for architects is evident and
supported by respondents.
In addition to further education on construction waste sources
and preventative measures, an overwhelming 84% of respon-
dents suggest that the fundamental issues and techniques of
C&D waste management and evaluation should be taught in
design degrees, thereby ensuring that all architects have ade-
quate knowledge of the current effective waste reduction strat-
egies. By doing so, the architects’ skills of waste evaluation and
reduction can be strengthened, and will ensure that they will
be well trained before practising in the industry. This will also
promote cultural change within the industry for resource effi-
ciency and waste minimisation.
5. Research limitation
The findings of the research are based on the data primarily
collected in Queensland Australia and the data is limited to
architects due to their significant involvement in the design
phase.
The main focus of this research was to determine whether
architects perceive training as an effective driver for C&D
waste reduction in the project design stage; therefore, the find-
ings of this research are limited to how C&D waste could be
reduced in the design phase. The research does not specify
factors for C&D waste reduction during the subsequent phases
of a project.
Although this research investigated ‘training’ as a fundamental
driver for C&D minimisation, it also acknowledges that there
could be other drivers that need to be considered when design-
ing sustainable projects.
6. Conclusions
This paper explores architects’ perceptions on C&D waste
reduction in design and investigates whether additional train-
ing can lead to better waste management practice. Based on a
questionnaire survey, this paper identifies that architects are
aware of the relationship between design strategies and waste
generation. However, architects generally lack the knowledge
and time to pursue waste minimisation in the design phase of
a project. To overcome this, architects show strong support for
the provision of relevant training/education programmes in this
area. A combination of online and lecture-style learning is
viewed to be most effective for the training delivery. In
addition, compulsory CPD units with a focus on design waste
reduction are regarded to be a feasible solution. Additionally,
it is widely supported that such training components should be
embedded with the higher education design degrees.
Architects perceive little or no realisation of direct benefits
associated with efforts to reduce C&D waste in the design
phase. Due to the competitive nature of the industry, this is
also an obstacle hindering implementation of waste reduction
strategy and this can only be overcome through financial
rewards.
It is interesting to note that architects view the roles of ‘manag-
ing’ and ‘minimising’ waste as distinctly different. Whether
this view is shared with other industry professionals, such as
contractors, is unknown. It is worth investigating this further
in the future as it also appears to be a current barrier to the
effective uptake of the practice of C&D waste reduction.
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